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IntroduktionTilSystemBiologi2014	



Paper 1: NetPhorest (Miller et al.,Linear Motif Atlas for 
Phosphorylation-Dependent Signaling. Science 
Signaling, 2 September 2008, Vol 1, Issue 35, p. ra2)!
Paper 2: NetworKIN (Linding et al., Systematic 
discovery of in vivo phosphorylation networks. Cell. 
2007 Jun 29;129(7):1415-26)!
!
KinomeXplorer (http://kinomexplorer.info)

http://wiki.bio.dtu.dk/teaching/index.php/IntroduktionTilSystemBiologi2014
http://www.lindinglab.org/external-files/publication-pdfs/18765831.pdf
http://www.lindinglab.org/external-files/publication-pdfs/17570479.pdf
http://kinomexplorer.info/


Kinase

OH P

Protein kinase

Protein kinase is an enzyme that puts a phosphate on its 
target proteins (substrates).

S T Y

Phosphorylatible amino acids

http://www.personal.psu.edu

http://www.personal.psu.edu/


Writer-Reader-Eraser toolkit

Writer	


(Kinases)

OH P

Eraser	


(Phosphatases)

Reader	


(SH2,PTB,..)

Kinases in cellular signaling process

Switch

www.examiner.com 

http://www.examiner.com/article/tongue-switching-and-circulation


Motif (word in natural language)

-SQ-

ATM	


(Kinases)

-SQ-
P

Kinases recognize specific sequence motifs and phosphorylate them.

(Every kinase has its favorite words.)

eg)

Different kinases recognize different motifs. Some of them allow several 
amino acids at one position, which can be represented by position specific 
score matrix (PSSM).

eg)



NetPhorest pipeline









Overview of the performance of the NetPhorest classifiers



NetworKIN algorithm

2007



• Sequence motifs lack sufficient information to 
uniquely identify the physiological substrates 
(Linding et al. 2007) 

!

• Cellular context: 
• Subcellular compartmentalization 
• Colocalization via anchoring protein & scaffolds 
• Substrate capture by noncatalytic interaction domain 
• Temporal & cell type specific coexpression 
• Kinase-docking motifs within substrates 
• Regulatory subunits



Cellular context - Subcellular compartmentalization

http://bio3400.nicerweb.com

A kinase and a substrate should exist in the same place at the same time.

eg) Subcellular compartmentalization

http://bio3400.nicerweb.com/


NetworKIN Algorithm

Effects of Including Substrate Context

• Scansite 
• NetPhosK



Linding et al. Cell, 129, 

http://NetworKIN.info http://NetPhorest.info

Miller et al. Science Signaling 
2008 Sep 2;1(35):ra2.
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of a phosphatase). This increasewill in turn enhance
the association between phosphorylated sites and
proteins that contain the appropriate phospho-
binding domain (27). To model the bidirectional
signaling networks in EphB2+ and ephrin-B1+

cells, we used the NetworKIN and NetPhorest
algorithms [http://NetworKIN.info and http://
NetPhorest.info (28, 29)] to computationally re-
construct phosphorylation networks using prob-
abilistic contextual data in combination with
sequence models of kinase and phospho-binding
domain consensus motifs (28, 29). We identified
pTyr sites from singly phosphorylated peptides
common to the two cell types that exhibited

significant modulation after cell-cell contact (P <
0.05; Wilcoxon test). Accurate modeling of
phosphorylation networks requires contextual
information for both kinases and substrates (28).
Therefore, we developed four filtering steps to
restrict the predicted kinases and phospho-
binding proteins to those more likely to be
relevant for cocultured EphB2–ephrin-B1–
expressing HEK293 cells and to limit spurious
predictions: First, predicted kinases or phospho-
binding proteins were accepted only if they had
been previously identified by the qBidS or siRNA
screens (Fig. 4). Second, we required that kinases
and substrates, which were predicted to interact,

were similarly modulated (up, down, or none)
(Fig. 4, co-modulation). The activities of kinases
were determined by the modulation of their
activation loop phosphorylation sites and cor-
related to the phosphorylation of substrate sites.
Third, predictions were ranked and filtered on the
basis of their probability fromNetPhorest (Fig. 4)
(18, 29). We also analyzed the predicted kinase-
substrate-target relationships by overlaying a
HEK293-specific contextual network (Fig. 4)
(18). The latter was generated with proteins iden-
tified through qBidS, siRNA screening, or coim-
munoprecipitation with selected network proteins
(table S5) (18) as seed input data to the Search

Fig. 3. Functional siRNA
screening of EphB2- and
ephrin-B1–regulated cell
sorting. (A) EphB2+ cells,
which coexpress myris-
toylated GFP, weremixed
with ephrin-B1+ cells,
transfected with siRNA
pools, and grown to
100% density. The
number of GFP-positive
EphB2+ colonies was
used to determine the
effect of siRNAs on cell
sorting. Disruption of
EphB2 or ephrin-B1 ex-
pression by means of
siRNA inhibits colony
formation. (B) Proteins

A B

identified through siRNA screening as functionally important for cell sorting also tend to be asymmetrically phosphorylated. The
modulation of pTyr sites residing in proteins important for cell sorting that were identified in both EphB2+ and ephrin-B1+ cells
was compared. The number of OTP duplexes recapitulating a loss of cell sorting is shown to the left in red, followed by the gene
name, the identified pTyr sites, and the cellular function of the protein. The cell-specific modulation of each pTyr site is shown by
color code.

Fig. 4. Computational data integration and
network modeling. Systems-specific data integra-
tion was performed to construct network models.
All observed phosphorylation sites were first
processed by the NetPhorest algorithm (29) so as
to predict kinase-substrate relationships and SH2
and PTB domain interactions. These predictions
were subjected to several subsequent filtering
schemes: First, we required that tyrosine phospho-
rylation sites and the activation loop phosphoryl-
ation of their predicted kinases be comodulated
(red path). Second, predictions were filtered on the
basis of the probability score from Netphorest (blue
path). Proteins that were identified through qBidS
or siRNA screening or by coprecipitation were used
as input to the STRING resource to generate a
systems-specific protein-protein interaction network,
permitting contextual filtering (orange path) similar
to the NetworKIN algorithm (28). This enabled the
generation of cell-specific signaling networkmodels.

www.sciencemag.org SCIENCE VOL 326 11 DECEMBER 2009 1505

RESEARCH ARTICLES

NetworKIN

Turk, Yaffe, Cesarini, 
Cantley, Nash, Li et 
al.

Phospho.ELM, 
PhosphoGRID 
PhosphoSitePlus

New NetworKIN Framework



http://kinomexplorer.info

http://kinomexplorer.info/


Click

NetworKIN is an integrated framework for modeling kinase-substrate interactions and aid in the 
design of inhibitor-based follow-up perturbation experiments. An interactive web interface allows 
investigation of predicted kinase-substrate interactions from human and major eukaryotic model 
organisms.

Let’s start with example sequences

The web service allows a user to submit protein sequence, name, or id.

http://kinomexplorer.info/	


http://networkin-beta.cbs.dtu.dk/

http://kinomexplorer.info/
http://networkin-beta.cbs.dtu.dk/


Click



Click
after confirming that the suggested proteins are right ones

NetworKIN suggests proteins based on sequence homology



Click
You can choose phosphorylation sites, 
other the server takes all S, T, Y sites as 

candidates



Click



Results

Residues that are predicted to be 
phosphorylated

Kinases that are predicted to 
phosphorylate the site



Exercise1. 

Q.  Using NetworKIN, find top 3 kinases that are 
predicted to phosphorylate S39 position in human N-
RAS protein.

>sp|P01111|RASN_HUMAN GTPase NRas OS=Homo sapiens GN=NRAS PE=1 SV=1!
MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDILDTAG!
QEEYSAMRDQYMRTGEGFLCVFAINNSKSFADINLYREQIKRVKDSDDVPMVLVGNKCDL!
PTRTVDTKQAHELAKSYGIPFIETSAKTRQGVEDAFYTLVREIRQYRMKKLNSSDDGTQG!
CMGLPCVVM!

Protein sequence of human N-RAS

http://kinomexplorer.info/	


http://networkin-beta.cbs.dtu.dk/

NetworKIN web site

http://kinomexplorer.info/
http://networkin-beta.cbs.dtu.dk/


http://pipe.scs.fsu.edu/

Core residues are not accessible by kinases

Not all the residues are accessible by kinases.

http://pipe.scs.fsu.edu/


Exercise2. Predict phosphosites of MDM2 (human) and 
kinases that phosphorylate them.

• Find the sequence at Uniprot.org.	


• Use NetPhos score cutoff 0.7 for phosphosite prediction  	


• Use NetworKIN score cutoff 20 for kinase prediciton

How many phosphosite-kinase interactions were predicted?	


Which one is the most probable one?

Exercise3. Add S395 manually and run again with the 
same cutoffs.

How many phosphosite-kinase interactions were predicted?	


Which one is the most probable one?



High-throughput workflow of NetworKIN

Thousands of phosphosites 
on thousands of proteins

Sample

You are only interested in the detected phosphosites, not all 
S, T, Y sites



Click



Raw output from the search engine



Choose the right sequence database and version





Click
Click





Change

Click



Click



Exercise 4. Predict ATM kinase targets with example 
#1 through high-throughput workflow. (Use a cutoff: 
20)

How many phosphosite-ATM kinase interactions were predicted?	


Which one is the most probable one?



Exercise 5. Predict phospho-interactions using known 
phosphosites (phosphosites.txt) through high-
throughput workflow. (Choose Ensembl 70 (human) 
and Use a cutoff: 20)

• How many phosphosite-ATM kinase interactions were predicted?	


• Which one is the most probable one?	


• Are the substrate and kinase involved in the same biological 

process?	


• What happens if you choose Ensembl 68 (human) instead of 

Ensembl 70



Exercise 6. Predict kinases that phosphorylate T1162 
and T2446 of human MTOR protein through both 
Low- and High-throughput workflows.


